Upon irradiation of N-methylphthalimide (1) in the presence of N-acylindole derivatives (2 or 11), [2+2]cycloaddition occurred to give sterically hindered oxetanes (5) in moderate yields . Some reactions of these imide-oxetanes, such as formation of benzoxazepines (8 and 12) and eightmembered lactams (9 and 10), are also described.
Irradiation of 1 in the presence of N-acetylindole (2a) resulted only in rearrangement of an N-acetyl group to the 3-and 6-positions on the indole ring, although it has been reported4) that irradiation of 2a with benzophenone gave the corresponding oxetane. Occurrence of the rearrangement is consistent with the results of the photorearrangement of N-substituted indoles in the absence of 1.5) In order to investigate the effects of substituents on the indole ring upon oxetane formation, photoreactions of 2-and 3-substituted N-acetylindoles were examined. Photolysis of 1 with N-acetyl-3-methylindole (2b) gave, as expected, the oxetane (5b) due to [2+2]photocycloaddition. In the mass spectrum (MS) of 5b the molecular ion peak (M+=334) indicated the addition of 1 to 2b. The infrared (IR) spectrum showed the presence of two carbonyl groups, an amide and a lactam at 1670 and 1705 cm -1, respectively (assignments may be interchanged). In the proton nuclear magnetic resonance (1H-NMR) spectrum of 5b a characteristic singlet appeared at 6.40 ppm, suggesting the presence of a methine proton, whose chemical shift value is close to that of the methine proton adjacent to the nitrogen and oxygen atoms in the previously reported oxeto [2,3-b] indole system.4) Three singlet peaks at 1.60, 2.37, and 3.37 ppm indicated the presence of C-methyl, acetyl, and N-methyl groups, respectively. Two doublets with the coupling constants of J= 7.5 Hz appeared at 5.95 and 6.54 ppm, upfield from the normal benzene proton region, showing a pronounced shielding effect due to the anisotropy of the benzene rings. In the carbon-13 nuclear magnetic resonance (13C-NMR) spectrum, a doublet at 94.5 ppm and a singlet at 103.3 ppm indicated the presence of the methine carbon and a newly formed spiro carbon in the oxetane ring, respectively. As illustrated in Chart 3, although four isomers (5b-i, 5b-ii, 5b-iii, and 5b-iv) are possible for the Chart 3 structure of 5b, the regioisomers (5b-iii and 5b-iv) were excluded on the basis of 1H-and 13C-NMR data of the methine moiety as described above. Two stereoisomers (5b-i and 5b-ii) are still possible, and the stereochemical structure was assigned as 5b-i on the basis of the spectral data, in which the signal of the N-methyl group (3.37 ppm; in the normal region) is unaffected by the anisotropy of the benzene ring and the signals of the benzene rings (5.95 and 6.54 ppm; upfield) indicate overlapping between them. °) The above spectral data also show similarities with those of the Paterno-Buchi products reported in the preceding paper."
In the case of N-acetyl-2-methylindole (2c), although the oxetane (5c) formation was observed by thin layer chromatography (TLC), the oxetane (5c) was very sensitive to the conditions of column chromatography on alumina, and was easily transformed into the enamides (E-7 and Z-7). The mixture (ratio, E: Z =2 : 1) of E-ZZ isomers in chloroform was proceeds in a concerted process, the formation of only a single isomer (9) of the lactams would be expected. Further, in order to investigate the effects of N-substituents on the properties as PaternoBuchi acceptors (oxetane-forming partners), tetrahydrocarbazoles with various Nsubstituents were examined. Methoxycarbonylcarbazole (2g) gave the oxetane (5g) in decreased yield (34%) in comparison with that (62%) of 5e, whereas in the case of Ntrifluoroacetylcarbazole (2h) no oxetane was obtained after prolonged irradiation for 37 h, and unchanged 1 was recovered. When N-methyltetrahydrocarbazole (2i) was used, only the adduct of 1 with acetone was isolated.
The 1H-NMR spectra of the oxetanes 5e, f, g showed similarities to that of 5b. In the 13C-NMR spectra of 5e, f, g three singlet peaks at 60.2-66.3, 98.6-100.0 and 102.7-103.6 ppm indicated the presence of a normal quaternary carbon and two quaternary carbons adjacent to the oxygen and nitrogen atoms, suggesting that regioselective photocycloadditions of 1 to 2e, f, g have occurred between one carbonyl and the olefinic carbons of the 2-and 3-positions of the indole ring. Their stereochemical structures were confirmed on the basis of the spectral data as well as that of 5b. Also, the spectral data (MS, IR, and NMR) of the stereoisomeric lactams 9 and 10 were very similar to each other. However, the signal of the N-methyl protons in 10 appeared at 2.47 ppm, being shifted upfield compared with that of 9 (3.60 ppm). This can be explained in terms of the anisotropic effects of the benzene ring. Thus, the stereoisomers 9 and 10 could be easily discriminated by the 1H-NMR spectroscopy.9)
In addition, photoreaction of tetrahydrocarbazole derivatives (11a-c) with a substituent on the benzene ring was investigated. Irradiation of 6-methoxy-tetrahydrocarbazole (11a) gave a product (12) in 21% yield. However, in the cases of 11b, c, products were not isolated, apparently due to photochemical and/or thermal instability. The MS of 12 showed the molecular ion peak at m/z. 404 corresponding to the molecular weight of the addition product of 1 to 11a. The IR spectrum of 12 suggested the presence of a ketone (1710 cm-1), a lactam and a carbon-nitrogen double bond (1690 and 1670 cm-1, interchangeable assignment). In the 1H-NMR spectrum three singlets were observed at 1.43 (3H, N = C-CH3), 2.59 (3H, N-CH3), and 3.79 (3H, O-CH3) and a multiplet signal at 2.3-2.7 was assigned to a methylene group adjacent to the carbonyl. The 13C-NMR spectrum showed the signals of a ketone at 205.2 ppm, a lactam at 167.3 or 169.0 ppm (either peak could be due to a carbon-nitrogen double bond), a normal spiro carbon at 65.6 ppm and a spiro carbon adjacent to the nitrogen and oxygen atoms at 87.7 ppm. Although the stereochemistry of 12 is not clear, the structure was tentatively assigned to be an oxazepine derivative 12. Further, photoreactions of substrates (13) (14) (15) having an enamide moiety were tested, but the expected oxetanes and the related products were not isolated. In the case of 15, the adducts (17 and 18) were obtained although their structures are still not clear.
In general, inter-and intramolecular photochemical [2+2]cycloadditions of heterocyclic compounds are of synthetic interest.10) It is well known that photocycloadditions between carbonyl compounds and certain heterocycles such as furans and pyrroles (the Paterno-Buchi reaction) regioselectively give oxetanes (5b-i or 5b-ii type) such as 2,7-dioxabicyclo[3.2.0]hept-3-ene derivatives and related compounds.4.11-13) The Paterno-Buchi reaction described in the present work also affords regio-and stereoselectively the isolable oxetane derivatives 5, which are presumably derived from the biradical intermediate generated by addition of carbonyl oxygen to the 2-position of the indole nucleus. This regioselective addition mode (the formation of N-C-O linkage) can be explained in terms of the biradical intermediate generated due to the stability of the benzylic position (Chart 6).14) In addition, it is noteworthy that in spite of the 1 : 1 molar ratio of 1 and 2 this reaction afforded efficiently and exclusively the more sterically hindered oxetane 5 as a single stereoisomer, in which the aromatic rings of the isoindolone and the indoline moieties overlap each other. Such a 
